A light emitting diode (LED) color ray was used to determine the most effective light color to capture the West Indian sweet potato weevil, Euscepes postfasciatus (Fairmaire). Preference tests were conducted using four colors of LED ray (blue, green, yellow and red) at fixed light quanta in the laboratory. The weevils preferred the green LED to the three other LEDs. The effectiveness of a green LED trap was subsequently compared with that of a sweet potato root trap in a sweet potato field with mature potatoes and the green LED trap was confirmed to be applicable for monitoring of the number of weevil.
INTRODUCTION
The West Indian sweet potato weevil, Euscepes postfasciatus (Fairmaire) is distributed throughout the Okinawa Islands in Japan, where it heavily infests the sweet potato, Ipomoea batatas (L.) Lam. (Yasuda and Kohama, 1990 ). Since furano-terpenoids such as ipomeamarone ill-favored for humans are produced by larvae infestation inside the sweet potatoes (Uritani et al., 1975; Sato and Uritani, 1978) , the market value of the sweet potatoes is reduced greatly even if the infestation by the weevils is low-level (Kohama, 1990) . Therefore, the Okinawa Prefectural Government has launched a pilot project to eradicate this insect pest by sterile insect technique (SIT) in Kume Island (Kuba et al., 2000; Yamagishi and Shimoji, 2000) .
The weevil is thought to move only by walking because it has never been observed flying, despite having normal hindwings (Sherman and Tamashiro, 1954; Alleyne, 1982) . A pitfall trap baited with sweet potato root was therefore developed to collect adult weevils (Yasuda, 1996) and an improved trap (hereafter referred to as a root trap) was used in field surveys in Kume Island (Kuba et al., 2000) . Although the estimation of the population density of the weevil was attempted using a mark-recapture method employing a pitfall trap, neither marked nor wild weevils were captured from a mature sweet potato field just before harvesting (Kinjo et al., 1995) . As Moriya (1997) pointed out, the development of an effective monitoring trap is one requirement for success of the SIT project, because the effectiveness of a trap baited with sweet potato root decreases when leaves and stems in a sweet potato field become dense (Yasuda, 1996) .
Recently, Nakamoto and Takushi (2001) found that the weevil was attracted to chemiluminescent light used as a light source for fishing float at night and demonstrated that a root trap with chemiluminescent light captured significantly more weevils than a trap without light in a sweet potato field where leaves had become dense. As the chemiluminescent light was short-lived, at most one day, Nakamoto and Takushi (2002) tried light emitting diode (LED) that could emit continuously for more than one week with four AA size alkaline dry batteries as a power source. They showed that the weevil was attracted to four colors of the LED ray, namely blue, green, yellow and red in laboratory experiments. Except for red, the root trap with the yellow, green, or especially blue LED captured significantly more weevils than that without the LED in field experiments. However, they did not determined that the blue LED was the most effective, because the LED light intensity, weather, field conditions and other variables were not constant in their experiment. Nakamoto and Takushi (2002) developed a new LED trap without sweet potato root that captured weevils effectively in a sweet potato field with mature potatoes.
In this study, we determined which LED color ray at the same light intensity was the most effective in attracting E. postfasciatus in the laboratory. We then compared the trap with the LED that most strongly attracted the weevils to the root trap for effectiveness in luring weevil from a sweet potato field with mature potatoes.
MATERIALS AND METHODS
Insects. Weevils which originated from adults collected in sweet potato fields at Yomitan Village, Central Okinawa Island in 1992, were reared on sweet potato roots at 25Ϯ1°C, 70-90% RH and a photoperiod of 14L10D. Pupae were picked from roots and placed in a plastic box (21ϫ15ϫ8 cm) for the laboratory experiments. Within 24 h of emerging as adults, sex was determined using the method of Yasuda and Naito (1991) and males and females were segregated into plastic boxes with a sweet potato root until testing. Adult weevils (sex ratio, approximately 1:1) emerging from roots were collected every week and placed in plastic boxes with roots until being released for the field experiment.
Laboratory experiments. The preference tests for different colors of LED ray were conducted using the test chamber (22ϫ153ϫ17 cm) designed by Nakamoto and Takushi (2001) and the LED light source devised by Nakamoto and Takushi (2002) . The chamber was made of opaque material and two transparent plastic traps were fitted at both sides of the chamber. Funnel like nylon net was equipped inside the trap to prevent the escape of caught weevils. The light source was a replaceable LED powered by four AA size alkaline dry batteries. The four types of LED were blue (E1L53-3BOA: Toyoda Gosei Co., Ltd.), green (E1L53-3GOA: Toyoda Gosei Co., Ltd.), yellow (HLM-PDL30: Hewlett-Packard Co., Ltd.), and red (L793SRCB: Kingbright Electronic Co., Ltd.). They had peak wavelengths (Table 1) The test chamber was kept in the dark in the laboratory at 24Ϯ1°C, 50-70% RH. A LED was placed 5 cm behind a trap on one side of the chamber and a different colored LED was likewise placed 5 cm behind a trap on the opposite side of the chamber. Fifty 25-to 35-day-old male or female weevils were released from a clear plastic cup (7.0 cm top diameter, 5.7 cm bottom diameter and 3.8 cm depth) placed in the center of the chamber between 17:30-18:00.
The next morning between 8:30-9:00, the weevils caught in both traps were counted. The tests were run 12 times, changing the location of each pair of LED with each run. The trials were repeated for each of the 6 pairs of LEDs (blue/green, blue/yellow, blue/red, green/yellow, green/red and yellow/red).
Field experiment. In the laboratory experiment described above, the green LED was best at attracting the weevil. The effectiveness of the trap with a green LED (hereafter referred to as a green LED trap) was compared with that of the root trap in a sweet potato field with mature potatoes (variety: 'Bise') in the Okinawa Prefectural Agricultural Experiment Station, Okinawa, Japan. Because it was found in a preliminary survey that very few weevils were in the field, every Thursday from October (Yamagishi and Shimoji, 2000) . The LED trap without sweet potato root developed by Nakamoto and Takushi (2002) was improved so that the LED was not turned on during the daytime by a phototransistor equipped on the light source of the trap to save electric energy. Ten improved green LED traps were placed in the sweet potato field on October 5, 2001 ( Fig. 1 ) and the numbers of weevil caught were counted every Friday until March 29, 2002. The LED batteries were replaced every two weeks. The sweet potato roots (about 250 g) were put in plastic containers (18ϫ22ϫ9 cm) as bait (Nakamoto and Takushi, 2002) . The ten root traps were placed in the sweet potato field on October 26, 2001 (Fig. 1) . In the same manner, the weevils caught with root traps were counted and the sweet potatoes (variety: 'Kintoki' or 'Koukei,' were replaced every two weeks.
Data analysis. The paired t-test was used to
compare the number of weevil caught in each trap in the preference tests. The unpaired t-test was used to compare the number of weevil caught in the green LED traps with those caught in the root traps. Data were analyzed by Stat View 5.0J (SAS Institute Inc., 1998). Table 2 shows the results of the preference tests. The level of significance was adjusted using the Bonferroni method (Sokal and Rohlf, 1995) to order the preference. Consequently, the descending order of preference for male weevil was green, blue, yellow and red (paired t-test, pϽ0.0084ϭ0.05/6) . While for the female, although there was no significant difference between the green and blue LED, significantly more females were caught in the trap with a green or blue LED than with a yellow or red LED, also there was significant difference between the green and blue LED in the paired t-test (pϽ0.05). Figure 2 shows the number of weevil caught in the green LED trap and root trap every week in the sweet potato field and also indicates the mean nocturnal temperature during the experimental period in Naha City recorded by the Okinawa Meteorological Observatory. During the experimental period, the number of weevil captured by the green LED trap was 560.3Ϯ61.9 (meanϮSE, nϭ10), while those captured by the root trap was 28.5Ϯ2.8. The difference was significant (pϽ0.0001). A change in the numbers caught in both traps did not necessarily correspond to the change in temperature.
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DISCUSSION
The use of LED in the control of insect pests is beginning to be reported recently. Yabu (1999) showed that the mating behavior of Helicoverpa armigera (Hübner) was inhibited by yellow LED rays. The lime-green LED trap has been utilized for catching Bemisia tabaci (Gennadius) in greenhouses (Chu et al., 2003) . The LED has many advantages, for example low electricity consumption, excellent durability and monochromatic light. We have been fascinated by the merits of LED and have studied the development of light traps using LED for monitoring the weevil.
In previous field experiments using root traps with blue, green, yellow and red LEDs, the root trap with the blue LED captured more weevils (Nakamoto and Takushi, 2002) . However, the LEDs differed in light intensity and the weather and field conditions varied, which prevented reliable comparison of the different colored LEDs. The interception of LED rays by leaves and stems in the field may have affected the experiments, therefore we compared the effectiveness of the LEDs at alluring weevils in the laboratory under fixed controlled conditions. As a result, the preference for LED ray increased in the order red, yellow, blue and green for male weevil ( Table 2) . As for the female weevil, although no significant difference was observed between the blue and green LED (paired t-test with Bonferroni method, at pϭ0.0084), the green captured more females than the blue in the comparison of both LEDs. The inconsistency between blue and green is probably due to the light intensity of the green LED being lower than that of the blue LED in the previous field experiment.
In order to clarify the effectiveness of the green LED trap, we compared the number of weevil captured in the green LED traps with those in root traps in a sweet potato field with mature potatoes. About 60 sterile weevils per square meter were released in the sweet potato fields every week on Kume Island and the mean number of weevil caught in the root trap per week ranged from only 0.1 to 8.0 (Kuba et al., 2000) . In contrast, in the 494 Y. NAKAMOTO and H. KUBA present study, although about 30 sterile weevils per square meter were released into the field every week, the mean number of weevil caught with the green LED trap per week ranged from 2.1 to 63.2 (Fig. 2) . The mean number of weevil caught with the root trap per week ranged from 0.1 to 5.6, which is not much different from those in Kume Island. Compared to the root trap, 4-to 326-fold weevils were caught in the green LED trap during the experimental periods. Thus, the green LED trap appears much more effective than the root trap for monitoring the weevil population in the field, although further studies are needed to determine the cause of fluctuations in the number of weevil caught with the green LED trap.
The mean dispersal distance was estimated for females to be 33 m over 5 days in an area that had been recently cleared by a mark-recapture method using a pitfall trap (Kinjo et al., 1995) . Also, the mean walking distance of both sexes, measured with an actograph in a laboratory, was about 200 m over 7 days (Shimizu and Moriya, 1996) . The weevil locomotory activity may greatly influence the effectiveness of the green LED trap.
